Some mechanisms of drought tolerance and avoidance have been studied in eight barley genotypes. These include three local cultivars (Ttichedrett, Beldi, Saida) and five introduced (Malouh, Seg09, Mari29, Awblack, Beecher) which were grown under three different water supply (100% FC, 60% FC, 30% FC). The increase in intensity of the water deficit reduces differently the relative water content among tested genotypes. Thus, in the treatment of 60% FC, this reduction varies between 1% (Beldi) and 6% (Tichedrett, Beecher), while in the lot of 30% FC it reaches the limits of 3% (Beldi) and 18% (Seg09). The results show that plants grown under water deficit (60% CC, 30% FC) accumulate significantly soluble sugars (r = 0.54 ** ) and K + (r = 0.26 ** ) compared to control plants (100% CC). Thus, under 30% FC, the accumulation of soluble sugars reached values of 195% and 208% observed at Mari29 and Awblack. The accentuation of the water deficit causes a significant reduction of the RWL particularly after 120 mn (r = -0.27 ** ) which is accompanied by an increase of the stomatic resistance (r = 0.53 ** ). To limit dehydration under the water deficit, tested genotypes were distinguished into three groups by adopting avoidance, tolerance or by combining the two strategies.
INTRODUCTION
Drought is the main abiotic stress that reduces crop production in different parts of the world. The different forms of this stress limit the growth, development and productivity of different plant species (Pandey and Bhandari, 2008) . The irregularity of drought means that its impact on plants depends on its intensity and the time of its declaration (Lopez et al., 2003) . Algeria is part of the arid and semi-arid zones exposed to chronic droughts (Aziza, 2006) , which anticipates an average reduction of cereal yields of 10% by the horizon 2020 (Bindi et al., 2005) .
Barley is one of the cereals where its importance has grown steadily over the last decade. It has an annual world production of about 137 million tons (Feuillet et al., 2007) . The importance given to this species is justified by the production of seeds intended mainly for animal feed and brewery. In Algeria, its productivity estimated by the returns recorded during different seasons remains low. The area of cultivation of this species, located in semi-arid zones is exposed to drought, which constitutes the main environmental constraint seriously hindering the expression of its productive potentialities.
Drought adaptation is the ability of a plant to maintain yield through environments where drought periods, their durations and their intensities are fluctuating (Teulat-Merah et al., 2001) . It is a complex phenomenon, involving many interacting mechanisms with complex genetic determinism. Combinations of these mechanisms define plant adaptation strategies for water deficit (Turner, 1979; Nachit and Ketata, 1986) .
Escape is a strategy of adaptation to drought whose exploitation in the agricultural context makes it possible to match the development of the crop or at least the most sensitive phases with the periods when the stress is less intense (Witcombe et al., 2007) . Indeed, earliness is most often associated with improved yield and adaptation to stress leading to regular production (Peiffer, 1987) .
A second strategy is based on avoidance, which allows the plant, under drought conditions, to maintain a high water potential. It is mainly related to the reduction of water losses and a better efficiency of its use as well as an optimization of water absorption by the roots. An effective reduction of the different forms of transpiration by the implication of different characteristics (Belhassen et al., 1995; Gate, 1995; Arraudeau, 1989 ) on the one hand and a remodeling of the root system (Adda et al., 2005) on the other hand allow the plant to avoid the declaration of the constraint.
The third strategy implemented by plants is the phenomenon of tolerance. When leaf water potential is reduced, some plants are able to maintain their cell turgor by osmotic adjustment (OA) through active solute accumulation (Turner and Jones, 1980) . Osmotic adjustment keeps the stomata open and ensures the assimilation of CO 2 (Kameli and Losel, 1996) .
However, in terms of agricultural production, the effectiveness of each of the strategies in adapting to the water deficit is assessed by its impact on the productivity and seed production of the species concerned. The water content of the plant tissues is a reference indicator for assessing the degree of stress imposed by the water deficit and the different reactions recorded in the various strategies developed by the plant.
The present work carried out has as main objective a comparative study between the efficiency of the avoidance and the tolerance in preservation of the water condition state of the barley subjected to two levels of water deficit (60% FC, 30% FC).
MATERIALS AND METHODS

The Plant Material
Eight barley genotypes (Hordeum vulgare L.) from different geographic origins and differing by their response to water deficit were used in this study. They include three local genotypes (Tichedrett, Beldi and Saida) and five other from ICARDA (Malouh, Seg09, Mari29, Awblack and Beecher).
Experimental Condition
The experiment was conducted in a controlled conditions greenhouse at the nature and life science Institute of Tiaret University. Diurnal and nocturnal temperatures were maintained at 20 and 15 °C respectively and the relative humidity was 70%. Disinfected and germinated seeds of each genotype were grown in PVC cylinders (100 cm height and 11 cm diameter) filled with a substrate composed of sand, soil and organic dry mater at respective proportions of 3 : 1 : 1. Cylinders are arranged in three water treatments, 100, 60 and 30% of field capacity (FC). In each treatment, each genotype is represented by three cylinders each comprising one plant. After emergency, plants of all treatments were irrigated at 100% of field capacity until end of tillering by supply of the amount of evapotranspired water, determined by weighing the culture cylinders. After this stage, irrigation regimes have been modified for the three water treatments. Plants control was maintained at 100% of field capacity. For the other two treatments, the irrigation was progressively suspended and, at the stage of stem elongation, the cylinders reached moisture of 60 and 30% FC distinctly. From this stage the plants were conducted according to the three water regimes (100% FC, 60% FC, and 30% FC) by irrigation to replace the amount of water evapotranspired up to the measurement stage. Irrigation water is replaced weekly with a commercial nutrient solution (ACTIVEG).
Measurements
The relative water content
The relative water content is measured on the last well developed leaf according to the method of Barrs and Weatherley (1961) :
where LFW, represents the leaf fresh weight (leaf blade excised at its base and immediately weighed). LTW is the turgid weight (leaf cut and placed in a test tube containing distilled water, for 24 hours at 4 °C at dark condition). LDW is the leaf dry weight determined after passing the sample in an oven at 80 °C for 48 hours.
The rate water loss RWL
The loss of water by transpiration (RWL) is evaluated according to the method of Clarke and Mclaig (1989) . The leaf is cut at the base of the blade, the severed portion is immediately quenched in a test tube filled with distilled water and placed in the dark at a temperature of 4 °C for 12 hours. At full turgor, the leaves are wiped and weighed, which is the fresh weight (FW).
They are then placed on a laboratory bench at room temperature. Leaf weighing (Wt) is done after different times (T): 60 minutes (RWL60) and 120 minutes (RWL120). The leaf area (LA) was measured in cm 2 .
The rate water loss (RWL) was evaluated by the equation:
RWL (mg/cm 2 /min) = (FW -Wt)/(LA*T).
(2)
Dosage of waxes epicuticular
The dosage of the epicuticular waxes was carried out on the last leaf, the waxes are extracted by stirring for 15 seconds in chloroform (Mayeux et al., 1981) and the extract is then dried at 40 °C, until the mass stabilizes (Febrero et al., 1989) .
Stomatal resistance
Leaf stomatal resistance was measured using an AP4 Porometer (DELTA-T DEVICE Cambridge-U.K).
Dosage of soluble sugars
The total soluble sugars (sucrose, glucose, fructose, their methyl derivatives and the polysaccharides) are determined by the phenol method of Dubois et al. (1956) . It consists in taking 100 mg of fresh material, placed in test tubes, adding 3 ml of ethanol 80% to extract sugars. It is left at room temperature for 48 hours in the dark. At the time of dosing the tubes are placed in the oven at 80 °C to evaporate the alcohol. In each tube is added 20 ml of distilled water to the extract. This is the solution to analyze. In test tubes, 2 ml of the solution to be analyzed are added, 1 ml of phenol 5% is added; 5 ml of sulfuric acid 96% are added rapidly. An orangeyellow solution is obtained on the surface. The tubes are left for 10 minutes and placed in the bath for 10 to 20 minutes at a temperature of 30 °C (the color of the reaction is stable for several hours). the absorbance of the mixture was recorded at 494 nm for soluble sugars. The contents of soluble sugars (SS) were expressed as mg/gFW by a calibration curve.
Dosage of potassium K +
The cation of potassium was dosed according to the method of Chapman and Pratt (1962) . This method consists of weighing 0.5 to 1 g of plant material, ground well in a porcelain crucible then placed in a furnace at 550 °C for 5 hours. Once the calcinations is complete, the ashes are completely transferred to a 100 ml beaker and then the moist ash is homogenized in 5 ml of the hydrochloric acid (HCL, 2N) and mixed with a glass tube, after 20 minutes we complete the volume to 50 ml with distilled water and ballast ash solution at 30 minutes. Then the suspension is filtered into a 50 ml flask. The dosage is done by the flame spectrometer. The Potassium content (PC) were expressed as ppm.
Statistical analysis
The data of the different tests included in this study were the subject of a statistical analysis (ANOVA and Correlation) by STATISTICA version 08.
RESULTS
Relative water content
The results obtained from the relative water content (Tab. I) vary significantly under the effect of the variations of the water supply than that of the nature of the genotypes tested. Indeed, the application of the water deficit is accompanied by a significant decrease in the relative water content (r = -0.71 ** ) in all the genotypes tested.
At the level of the control treatment (100% FC), the values ranging between 87.75%, value recorded by Awblack and 93.79% observed at Seg09. The application of the water deficit causes a decrease, at the level of 60% FC, these decreases remaining variable in the genotypes tested. So Tichedrett and Beecher record a significant rate of decrease estimated at 6% with respective values estimated at 85.90% and 85. Genotype Beldi registered a smaller decrease with a rate of 1% (87.77%). We note that I: Effect of genotype, water supply and their interactions on the physiological and biochemical parameters measured in the 8 genotypes
Parameter
Genotype At the level of 30% FC, decreases in the RWC are the most significant with the rate of decline estimated at 9%. Thus, we note that the genotype Beldi is distinguished among the collection by registering the lowest of decrease (3%) with 86.14% and at the opposite, Seg09 was the most affected at this water supply level by recording the highest value with 18% by recording value of 77.37%.
The rate water loss RWL
The rate water loss excised by leaf during the first phase (RWL1) or (RWL60) is represented by essentially stomatal transpiration carried out with weighings after 60 minutes.
Statistical analysis (Tab. I) was not influenced by both the nature of the genotypes tested and the water regime applied and thus by their interaction.
The average results (Tab. II) indicate that the loss of water is higher in the leaves of the device under stress conditions than that of the control in most genotypes with the exception of Awblack and Beecher genotypes which are manifested insensitive to stress. In the control treatment, the Mari29, Saida, Beldi and Tichedrett genotypes recorded the lowest water loss rates with respective values of 37.72, 37.02, 35.73 and 29.74 mg/cm 2 /min. The Beecher, Awblack, Seg09 and Malouh genotypes gave the highest rates of water loss with levels of the order of 151.73, 60.14, 41.28 and 38.98 mg/cm 2 /min.
At the water-stressed treatment 60% FC, the Beldi genotype recorded the highest rate of water loss at 50.00 mg/cm 2 /min. While the Seg09 genotype, is recorded the lowest value with 30.7 mg/cm 2 /min.
In water-stressed treatment 30% FC, increases in water loss are still holding. Thus, they are oscillating between the values 52.44 and 35.74 mg/ cm 2 /min respectively at Seg09 and Beldi. With the exception of Malouh, Awblack and Beecher who score a decrease and are insensitive to stress.
Statistical analysis of water loss excised by second-stage leaf (essentially cuticular and residual transpiration) (Tab. I) is not influenced by the genetic variability tested and the imposed water regime. The interaction between the two factors (genotype x water situations) has no effect on the fluctuations of the values of this parameter.
Unlike the first phase, the average results (Tab. II) of this parameter show that the loss of water is higher in the leaves of the control treatment than the one under stress conditions, contrasting the Tichedrett genotype, which shows a negative evolution of 27.89% and is insensitive to stress.
In the control treatment and during this phase, the water loss is low in the Beldi genotype, with a value of 29.26 mg H 2 O/cm 2 /min and is high in the Beecher genotype with 108.88 mg lost water/cm 2 /min. At the level of 60% FC, the values oscillate between a maximum achieved by the Malouh genotype of 45.95 mg/cm 2 /min and a minimum marked by the Beecher genotype of 26.20 mg/ cm 2 / min. In waterstressed treatment 30% FC, the loss of water is less important, especially for the Awblack and Malouh genotype, with 23.48 and 27.12 mg/cm 2 /min respectively.
Stomatal resistance
The results obtained (Tab. I) show that the stomatal resistance is highly dependent on variations in the water regime applied, and the nature of the genotype and the interaction between the two factors. The average results (Tab. II) show that the water deficit significantly increases the stomatal resistance. Nevertheless, this increase depends on the intensity of the water deficit and independent of the nature of the genotype leads. In the control treatment (100% FC), the stomatal resistance values vary between 4.24 μmol -1 .s (Awblack) and 1.11 μmol -1 .s (Maluoh). The application of the water deficit was accompanied by a marked increase in stomatal resistance, particularly in the 30% FC range. Thus, in the treatment of 60% FC, the values recorded are between 2.91 μmol -1 .s (Seg09) and 2.56 μmol -1 .s (Tichedrett). The resistance values increased further, in all genotypes, to reach 19.13 μmol -1 .s recorded in the Saida genotype.
Wax epicuticular
The results (Tab. I) obtained, shows that the expression of the rate of epicuticular waxes is under a highly significant influence of the nature of the genotypes tested. The water treatments adopted as well as the interaction between the two factors also allows significant variations in the development of this variable.
The mean results (Tab. II), under well watered conditions of the experiment, the Beldi genotype recorded a high wax level of 893.17 µg/cm 2 whereas the Malouh genotype gave 450.45 µg/cm 2 .
Variations in water deficit levels did not cause any significant variation and marked a decrease in WS1 lot noted a maximum rate of 790.36 µg/cm 2 marked Awblack genotype and a minimum 527.38 µg/ cm 2 recorded by genotype Seg09. Then at the WS2 lot level, the wax rate varies with a maximum of 760.95 µg/cm 2 in the Tichedrett genotype and a minimum of 346.33 µg/cm 2 recorded by the Malouh genotype.
Soluble sugars
Changes in water regimes impose very significant variations in the content of simple sugars in all the II: Mean results of RWL1, RWL2, wax epicuticular and stomatal resistance in the genotypes tested under the three applied water regimes (100% FC, 60% FC and 30% FC), data are presented as mean ± standard deviation Under the conditions of more severe water deficit (30% FC), the increases in the accumulation of simple sugars are more important. They reach values of 143% (144.08 mg/gFW), 174% (208.92 mg/ gFW), 195% (189.59 mg/gFW) and 208% (144.08 mg/gFW) recorded respectively in genotypes, Beldi, Saida, Mari29 and Awblack. The genotypes Seg09, Malouh, Tichedrett and Beecher have the lowest increases in sugar accumulation.
Potassium content
The study of the results obtained from the measurement of this characteristic (Tab. I) shows that their elaboration is dependent on the water regime. However, the intensification of the stress causes a clear increase of the potassium content (r = 0.26 ** ).
Regarding the potassium content, the average genotypic value recorded under well watered conditions of the experiment is 279.96 ppm.
This value rises sharply across the different situations of water deficit (Tab. I). It is 296.38 ppm in lot WS1 and 322.92 ppm in lot 60% FC. These increases have accumulation rates of 5% and 15%, respectively. In terms of the variability tested, these transformations are expressed in very different ways. Thus, at the level 60% FC treatment level, the Malouh genotype, externalizes a very marked increase in comparison with the control group, evaluated at 33% (306.33 ppm). In contrast and in the same situations, Beecher seems little affected by this water deficit, it records an increase of 3% (349.33 ppm). With the exception of Saida, Seg09 and Awblack who are not affected by stress.
At the 30% FC treatment level, the Malouh and Tichedrett genotypes record the highest increases with respective rates evaluated at 91% (440.67 ppm) and 53% (290.33 ppm), and in the same situations, Saida, Seg09 and Beecher are not affected by the stress.
DISCUSSION
The relative water content is a parameter that indicates plants water status under water supply variations and the estimation of drought tolerance (Chaves et al., 2003; Elsayed and Darwish, 2017) . In this study, lowering of moisture at the crop level was associated with a decrease in RWC. Indeed, Scofield et al. (1988) was reported that the decrease in RWC is faster in susceptible variety than in resistant. The results are also consistent with the work of Siddique et al. (2000) , and also agree with those of Winterhalter et al. (2011) who reported that the moisture content of maize cultivars decreased further in times of drought at different stages of growth relative to the water of the plant under irrigation. The high osmotic pressure of the external environment decreases the water content of the whole plant (Slayter, 1974; Sairam et al., 2001) , resulting in decreased nutrient mobility. Genotypes that maintain higher RWC longer under water stress are generally tolerant genotypes (Matin et al., 1989) . There is also a decrease in the volume of the aqueous medium where biochemical reactions occur which ensure the best development of the plant. The depressive effect of water deficiency on the water status of the plant can be irreversible, if the stress period is prolonged, causing the death of III: Average rate results of the sugar and potassium in the genotypes tested under the three applied water regimes (100% FC, 60% FC and 30% FC), data are presented as mean ± standard deviation the plant (Elmourid et al., 1996; Šajbidorová et al., 2015) . The genotypes that keep a high RWC are the genotypes that have an accumulation of high sugars, soluble sugars also showed an increase in the concentration in response to the water deficit for the 8 genotypes. The content of soluble sugars increases gradually and steadily regardless of the level of stress (Berka and Aïd, 2009 ). Indeed, sugars, even if they represent osmoticums much less powerful, also participate in maintaining the balance of the osmotic force to keep turgor and cytosolic volume as high as possible (Bouzoubaa et al., 2001) . They also allow preservation of membrane integrity in desiccated organs as well as protein protection (Darbyshire, 1974) .
The results of our study were found by Silva et al. (2010) who indicate that increased accumulation of soluble sugars can be triggered by increased starch hydrolysis, restriction of translocation and reduction of the carbon source required for biosynthesis and plant growth.
Increasing the levels of soluble sugars by inverting certain carbohydrates is an adjustment mechanism that improves tolerance to osmotic stress as already reported Bohnert and Jensen (1996) . Although organic compounds are the main constituents of osmoregulation in plant cells during water stress, inorganic ions (eg K + ) would also contribute to it Roberts (1998) , and that marks an increase following application of stress during the experiment. It is known that the K + ion is highly soluble and plays a key osmoregulatory role in guard cells and in the maintenance of turgor (Shabala and Cuin, 2008) . The results are similar to the study of Silva et al. (2010) , who reported the importance of K + in the osmotic adjustment of Jatropha curcas plants under water stress.
The accentuation of the drought induces an accumulation of the waxes epicuticular, this epicuticular wax accumulation depends on genotypes and water conditions, this increase was marked in the Saida, Tichedrett, Malouh and Mari29 genotypes compared to the Beldi, Seg09 and Beecher genotypes, which showed a decrease in the wax epicuticular content. A number of studies have shown that stress increase the amount of wax epicuticular deposited on leaf surfaces in plants, Recently, González and Ayerbe (2010) reported that the increase of cuticular waxes in breeding lines of barley were correlated with drought tolerance, improving yields compared to commercial varieties. In many cultures, a deposit of cuticle wax most important is often associated with improved drought tolerance and/or reduced transpiration and is considered a drought adaptation trait (Jefferson et al., 1989) . The deposition of total cuticle wax in response to the severity of water stress could be regulated by different "waxy" genes and improve tolerance and adaptation to drought. It has been documented that many of these genes are involved in the biosynthesis and accumulation of cuticular wax in response to drought stress in different plant species (Xue et al., 2017; Yu et al., 2017) .
Water deficit decreased the rate of leaf stomatal and cuticular transpiration, these results were found by Yuping et al. (2017) . Leaf transpiration is reduced by stomatal closure, but this does not appear to be as important as stomatal conductance alone (Lambers et al., 2008) . Water stress causes a reduction in epidermal conductance (stomatal and cuticular), radiation absorption and reduction of the evaporative surface (leaf area).
During severe stress conditions, plants reduce stomatal sweating near zero by stomatal closure. In such circumstances, plant performance depends on the efficiency of cuticular transpiration (residual) barrier. By limiting residual transpiration from the leaf surface, the plant can increase WUE under stress conditions (Franks et al., 2015) . These observations are consistent with previous reports on cereals under conditions of water stress, with residual transpiration 20% lower in barley under water-stress conditions compared to well-irrigated conditions (González and Ayerbe, 2010) , Among other factors, the above reduction in residual transpiration may be due to increased build-up of cuticular wax on the leaf surface, as the wax layer is a fundamental barrier to water transport. Across the cuticle, especially when the stomata are completely closed under stress conditions (Hasanuzzaman et al., 2018; Xue et al., 2017) .
Negative correlations between RWC and stomatal transpiration and cuticular transpiration, explain that the reduction of transpiration is a mechanism for the maintenance of RWC, The maintenance of RWC of barley plants is related to stomatal regulation. As RWC decreases, stomatal closure becomes faster, inducing a significant decrease in gradual water losses by evapotranspiration. The decrease in transpiration and stomatal conductance in barley during the dry season results from a limitation of stomatal opening.
In our results, the rate of waxes positively correlated with stress, on the other hand, RWC and transpiration with both types correlated negatively with (r = -0.71), (r = -0.11) and (r = -0.17), respectively. Heredia (2003) explains this result by plant epicuticular wax deposition which reduces the gaseous exchange of leaves, thus reducing transpiration and water loss.
To limit the lowering of the relative water content under water deficit conditions, the genotypes tested develop different strategies. Thus, some assures it by effectively regulating the loss of water by limiting perspiration, while others allow it by an osmotic adjustment. The continuity between the two groups of genotypes is imposed by those whose preservation of the water content is ensured jointly by the two strategies. Thus, in the Awbalck genotype, the maintenance of the relative water content at an optimum level is ensured essentially by a low transpiration (r = 0.949 ** ). In this context it is noted that the reduction of transpiration, particularly cuticular, is favored by a deposit of epicuticular waxes (0.67 * ) and an accumulation of reducing sugars (0.849 ** ). In contrast, the Malouh genotype, the limitation of the effects of water deficit on the state of hydration of the leaf is ensured by an important water retention through the accumulation of osmoticums, potassium (r = 0.815 ** ) and simple sugars (r = 0.627 * ). Stomatal resistance also plays an important role in maintaining the relative water content. It would be involved in limiting stomatal sweating. This was found in the genotype, Beldi, where the preservation of the relative water content in water deficit conditions is mainly caused by an increase in stomatal resistance (r = 0.871 ** ).
The other genotypes maintain their relative water content by a combination of avoidance and tolerance parameters where the distinction between the two types of mechanisms is difficult to implement. Non-significant (ns), Significant (*) at P < 0.05, and Significant (**) at P < 0.01.
IV: Correlations between the parameters of the eight genotypes studied
CONCLUSION
Stress tolerance encompasses several processes that depend on genetic variability and water status, the relative water content is an indicator of the water states of the plant under water deficit, the relative water content is maintained by reducing transpiration or resistance with high water potential (avoidance) on the one hand and osmotic accumulation or tolerance with low water potential on the other.
